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1 
Introduction  
 
According to Tompkins (1998), the primary functions of a warehouse are receiving goods 
from a source, storing them until they are required, picking them when they are required, 
and shipping them to the appropriate user. Over the years, warehousing has developed 
from a relatively minor facet of a firm’s logistics system to one of its most important 
functions (Grant et al., 2006). Facing the challenge of providing customers with an 
increasing assortment of products and reducing holding time of materials and parts, the 
focus of warehousing has shifted from passive storage towards strategically located 
warehouses providing timely and economical inventory replenishment for customers 
(Bowersox et al., 2013; page 224). Warehousing plays a vital role in the supply chain in 
providing a desired level of customer service at the lowest possible total cost (Grant et al., 
2006). Today’s warehouses are expected to be more responsive to customer demands than 
ever before, for example, by providing value-added services such as last minute 
customization, small-scale assembly, labeling, kitting, and special packaging. With the 
growing success of e-commerce, warehouses increasingly have to process large numbers 
of small orders which have to be picked within tight time windows, which further 
complicates warehouse processes. In response to these developments and in particular to 
supply chain management initiatives, companies have either concentrated their warehouse 
operations in one or a few large centralized warehouse(s) with high throughputs, or have 
decided to outsource their warehouse activities to emergent specialized logistics 
companies, logistics service providers (LSPs).  
 All in all, warehouses are facing ever-increasing demands with respect to costs, 
productivity, and customer service as they become vital for the success of many 
companies, and simultaneously warehouse processes are becoming more complex due to 
developments such as value added services, e-commerce, and up-scaling warehouses. 
Consequently, planning and controlling warehouse processes, also referred to as 
warehouse management, have become a challenging task. Warehouse management 
operates within a framework which is defined by decisions on warehouse location and 
facility design (size, handling systems and lay-out). Research is needed on how to structure 
warehouse management in order to achieve high performance and to identify related 
information requirements. Warehouse management is the central theme of this dissertation. 
 Warehousing is of particular importance for the Netherlands and Belgium, since more 
than half of all European Distribution Centers (EDCs) are located in this geographic area 
(BCI, 1997; HIDC/BCI, 2001; HIDC 2009; Kuipers, 1999). Both countries recognize 
logistics to be an engine of economic growth. The Netherlands and Belgium are rated 
second and third, respectively, after Germany in the World Bank’s 2014 Logistics 
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Performance Index (LPI), (Arvis et al., 2014). These rankings show that these countries 
have a strong logistics performance.  
 This chapter has the following structure. Sections 1.1 to 1.4 highlight the key concepts 
of the research presented in this dissertation: warehouse functions and warehouse 
processes in section 1.1, warehouse management in section 1.2, warehouse management 
information systems in section 1.3, and warehouse performance in section 1.4. Section 1.5 
discusses the research problem, the research objective, the research questions, and the 
academic and social contribution of the research. Section 1.6 presents an overview of the 
research design and methods, and section 1.7 provides an outline of this dissertation. 
Section 1.8 closes this chapter with a declaration of the contributions of the author and 
other parties to the different chapters of this dissertation.   
 
1.1 Warehouse functions and warehouse processes 
A warehouse has traditionally been viewed as a place to hold or store inventory. However, 
in contemporary logistical systems, warehouse functionality is more properly viewed as 
mixing and modifying inventory to meet customer requirements, where storage of products 
is ideally held to a minimum (Bowersox et al., 2013). The warehousing of products occurs 
for one or more of the following reasons (Grant et al., 2006): 
- Achieving transportation economies 
- Achieving production economies 
- Taking advantage of quantity purchase discounts and forward buys 
- Maintaining a source of supply 
- Supporting the firm’s customer service policies 
- Meeting changing market conditions (e.g., seasonality, demand fluctuations, 
competition) 
- Overcoming the time and space differentials that exist between producers and 
consumers 
- Accomplishing least total cost logistics commensurate with a desired level of customer 
service 
- Supporting the just-in-time programs of suppliers and customers 
- Providing customers with a mix of products instead of a single product on each order 
- Providing temporary storage of materials to be disposed of or recycled (i.e., reverse 
logistics). 
Warehouses decouple supply from demand. They are the points in the supply chain where 
product pauses, however briefly, and are touched. This consumes both space and time 
(person-hours), both of which are an expense (Bartholdi and Hackman, 2014).  
 Bowersox et al. (2013) and Grant et al. (2006) distinguish four basic warehouse 
functions that add value to the supply chain. The breakbulk function allows for products to 
arrive in large quantities and then to be shipped in small quantities tailored to the needs of 
17_Erim Faber[stand].job
3 
 
many customers. This adds value as it reduces production costs, purchasing costs, and 
transport costs upstream in the supply chain. The storage function adds value since it 
allows larger quantities to be produced and transported which is more efficient. It also 
enables orders to be quickly delivered to customers, which provides a better service level 
and prevents lost sales. The consolidation function implies that the warehouse holds 
products from various sources, so that customers can order a large product range from a 
single source. The customization function adds value by postponing customized services 
(i.e., value added services) until the end of the supply chain, reducing upstream 
inventories. In summary, warehouses store and cross dock inventory in the logistics 
pipeline and coordinate product supply and consumer demand (Bowersox et al., 2013). In 
cross docking, received goods have a destination upon receipt, implying they can be sent 
directly from the receiving docks to the shipping docks. Therefore, no storage is needed. 
 
   
Figure 1.1 Typical warehouse functions and flows (adapted from Le-Duc (2005), and 
Tompkins et al. (2010)) 
 
 Figure 1.1 shows the typical primary activities in a warehouse. The receiving activity 
includes unloading products from the transport carrier at a receiving dock, identifying the 
products, verifying quantities, and (randomly) checking the quality of the products. 
18_Erim Faber[stand].job
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 The direct put-away activity involves transferring of (if applicable repacked, i.e., from 
pallets to cases) incoming products to a location within the storage area. A product kept in 
stock is also called a stock keeping unit (SKU). Each product or SKU has an identification 
code that allows it to be tracked for inventory purposes. During the course of a year, the 
entire inventory of a product or SKU can be replenished multiple times. The storage area 
of a warehouse may consist of two parts: a reserve area, where products are stored in the 
most economical way, and a forward area where products are stored for easy retrieval. A 
forward storage area is replenished from a reserve storage area. A wide range of systems 
can be used to store products, varying from shelf racks to automated storage systems. For 
an elaborate discussion on storage systems, see Frazelle (2002).  
 Order picking (pallet/case/broken case) involves obtaining the products requested by a 
customer order from the storage area. Customer orders consist of order lines, each line for 
a unique SKU in a certain quantity. When the requested quantity of a SKU is less than the 
quantity contained within a case for that SKU, it is considered broken case picking. If the 
order requests a quantity of a SKU which is equal to or multiple of the quantity within a 
case, it is considered (full) case picking. Pallet picking involves retrieving full pallet loads 
for customers requesting full pallet quantities. Picking can either be manually or (partly) 
automated, and it is generally recognized as the most expensive warehouse operation, 
because it tends to be very labor intensive or very capital intensive (Frazelle, 2002; 
Tompkins et al., 2010). Many different order-picking system types can be found in 
warehouses. Often multiple order-picking systems are deployed within one warehouse, 
e.g., in each of the three storage zones of Figure 1.1. An overview of order-pick systems is 
given by De Koster, 2004; Le-Duc, 2005; De Koster et al., 2007. In the picking process, 
the requested number of units of a product can be less than the number of units contained 
within a case (broken case picking), equal to or a multiple of the number of units within a 
case (full case picking), or as many units as on a pallet (pallet or bulk picking). When 
picking the products, an order picker may pick one customer order at a time (single order-
picking), several customer orders at once (batch picking), or parts of several customer 
orders (zone-batch picking).  
 The accumulation/sortation of picked products into customer orders is a necessary 
activity if the orders are picked in batches or come from different storage areas. Value-
adding services, such as labeling, sampling, kitting, (assembling sets of different products 
into kits), testing, and repacking may be offered to customize products to customer 
requirements. The packing activity includes checking, packing, and preparing a customer 
order for shipping. The cross-docking activity bypasses the storage and picking activities 
by transferring incoming products directly from the receiving docks to the shipping docks. 
The shipping activity involves sorting and staging customer orders in a designated dock 
door area ready to be loaded to the transport carrier and shipped to the customer. 
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 Although warehouses share these typical warehouse activities and a general pattern of 
material flow, various types of warehouses can focus on different activities or 
requirements. The literature often distinguishes two types of warehouses based on their 
prime customers: distribution centers and production warehouses (Ghiani et al., 2004; 
Roodbergen, 2001; Van den Berg, 2012). A distribution center is a warehouse in which 
products from one or more suppliers are collected for delivery to a number of customers. 
Customer orders are typically composed of multiple order lines. The number of SKUs may 
be large, while the quantities per order line may be small, which often results in a complex 
and relatively costly order-picking process. In distribution centers, the focus is often on 
optimizing picking processes. A production warehouse holds raw materials, semi-finished 
products, and finished products. Raw materials and semi-finished goods are delivered to a 
nearby production plant, and finished goods are received from this plant and can be 
directly delivered from the warehouse to customers or to other warehouses. In production 
warehouses, products may be stored for long periods. This occurs, for example, when the 
procurement batch of incoming parts is much larger than the production batch, or when the 
production batch exceeds the customer order quantity of finished products. If a production 
warehouse holds finished goods for customers, typically the assortment is limited 
compared to an average distribution center. Ghiani et al. (2004) also classify warehouses 
by their ownership. A private warehouse is operated by the owner of the goods. A third-
party warehouse is operated by a third-party logistics service provider (LSP) on behalf of 
one (dedicated warehouse) or multiple clients (public warehouse). A specific type of 
public warehouse is a self-storage warehouse that provides temporary storage at a centrally 
located facility for both private persons and small businesses (Gong et al., 2013).  
 
1.2 Warehouse Management defined  
This section defines Warehouse Management and Warehouse Management structure as 
used in this dissertation. Warehouse decisions can be subdivided into long-term, or 
strategic decisions and short-term, or tactical and operational decisions (Grant et al., 2006). 
Long-term decisions include defining warehouse objectives supporting supply-chain goals, 
choosing the facility location, and determining warehouse size, its lay-out, and which 
technologies to adopt (Baker and Canessa, 2009; Ghiani et al., 2004; Gu et al., 2010). 
Long-term management decisions are considered fixed when making short-term 
management decisions. This dissertation focuses on short-term management decisions, and 
is referred to as Warehouse Management in this research. Warehouse Management 
operates within the framework defined by long-term management decisions.  
 In general, Warehouse Management has limited control over the external requirements 
(like timing, content, and required services of customer orders) imposed on the warehouse. 
Warehouses are often a part of a larger supply chain or network and as a member of the 
supply chain or network, the number of shipments demanded from a warehouse and the 
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number of replenishments received at a warehouse are often affected or even controlled by 
supply chain coordination. Instead, Warehouse Management coordinates the material flow 
and the utilization of the resources to satisfy these requirements. 
 Warehouse Management can be subdivided into tactical and operational decisions. 
First, tactical decisions primarily address how to efficiently plan materials and resources 
for the short-term period (a week to a few months), within the constraints of the long-term 
decisions. Analogous to production operations management (e.g., Slack et al., 2010), 
tactical plans assess the expected overall demand which the warehouse must meet in an 
aggregated manner; in other words, the expected order quantities are checked against total 
capacity of space, labor, and equipment, and are then translated into output and required 
processes. Tactical warehouse plans include inventory replenishment, storage location 
assignment, workload planning, and transport planning (Ghiani et al., 2004). Inventory 
replenishment and storage location assignment plans determine which products should 
arrive and where these should be stored (Strack and Pochet, 2010). Workload and transport 
planning balance the expected workload over the available resources (labor, equipment, 
and transport).  
 Second, at the operational level, actual demand is assessed on a totally disaggregated 
basis (Ghiani et al., 2004; Slack et al., 2010): resources such as space, equipment (e.g., 
storage systems, retrieval systems, and internal transport equipment), storage units (e.g. 
pallets or boxes), labor, and instructions and procedures are allocated among the 
warehouse working orders. Operational decisions are narrow in scope and short-term 
focused (a few hours to a few days). At the operational level, many of the resources are 
given and it is difficult to make large-scale changes in resourcing. The goal of operational 
decisions is to optimize shop floor activities by avoiding any inefficiency in movement, 
storage, and information transfer, so that operational costs are minimized while customer 
orders are delivered in accordance with the expectations of the recipient (e.g., Alpan et al., 
2011; De Koster et al., 1999; Roodbergen and De Koster, 2001a; 2001b; Rubrico et al., 
2008; 2011; Tsui and Chang, 1992).  
 All in all, Warehouse Management decisions are the outcomes of the planning and 
control, and shop floor optimization processes which link operational resources (space, 
equipment, and labor) with customer demand. Planning means taking the best decisions 
possible, in accordance with the predetermined objectives. Control means measuring the 
results, and possibly taking corrective actions when results are not in line with objectives. 
Shop floor optimization concentrates on the actual loading, sequencing, scheduling, and 
routing problems in a warehouse. It includes three distinct, though integrated, activities: 
loading resources, and sequencing and scheduling work orders. In this research, 
Warehouse Management is defined as follows: 
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 Warehouse Management plans, controls, and optimizes the material flows and the use 
of the resources in a warehouse in an everyday context, with the objective of delivering 
goods in accordance with customer demands while minimizing operational costs (that 
is eliminating unnecessary work and unnecessary movement of people and equipment).  
 
Van den Berg (1999) discusses managing warehouse operations by methods and 
procedures for tactical planning and shop floor optimization. Compared to Van den Berg 
(1999), our definition adds the management process control to warehouse management, 
where control means measuring outputs and taking corrective actions in response to 
deviations from plans. Gu et al. (2007) view managing warehouse operations as a list of 
decisions arranged according to warehouse operations: receiving and shipping, storage, 
and order picking. In their research, they develop a comprehensive overview of warehouse 
operation decision support models to guide practitioners in applying these models and 
identifying research opportunities. As such, they do not distinguish between tactical and 
operational decisions. 
 In this research, we focus on designing or structuring (the term “structuring” will be 
used from here on) Warehouse Management in order to obtain high warehouse 
performance. We view Warehouse Management as a planning and control system which 
uses inputs, such as people, products, and systems to create outputs, such as orders, 
customizations, and shipments. Structuring high performance Warehouse Management 
requires balancing multiple and sometimes conflicting requirements, and involves 
decisions on a large number of parameters and variables. Eventually, a Warehouse 
Management structure manifests itself in the way decisions are made about the material 
flow and the use of resources (space, equipment, and labor) in a warehouse in an everyday 
context. In this research, Warehouse Management structure is defined as follows: 
 
 Warehouse Management structure is the blueprint specifying the way in which 
Warehouse Management processes are organized. These processes consist of planning, 
controlling, and optimizing. In the optimizing process, inbound and outbound decision 
rules are used.  
 
1.3 Warehouse management information systems 
In recent years, Warehouse Management has been increasingly supported by computerized 
information processing systems, called Warehouse Management Systems (WMSs). A 
WMS is a complex software package that helps manage inventory, storage locations, and 
the workforce, to ensure that customer orders are picked quickly, packed, and shipped 
(Bartholdi III and Hackman, 2014; page 33). A WMS focuses on co-ordinating the 
processes within the warehouse (Verwijmeren, 2004). It supports the day-to-day operations 
in a warehouse. 
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 Information technology has developed rapidly in the last few decades. Today, computer 
systems can take many simple or complicated decisions more quickly and more accurately 
than human operators. Information is available at the moment it is generated, and it is 
possible to analyze information and compare it with other relevant information before it is 
presented to the user. Timely and accurate information is a key for managing the 
increasing complexity of warehouses.  
 The primary aim of a WMS is to meet the objectives of Warehouse Management: to 
deliver high service levels and to maximize the use of space, equipment, and labor. It 
manages the flow of orders and processes by providing inventory and location control, and 
by directing labor (Mentzer, 2002). The system knows which goods are to be received and 
shipped, and supports management in determining which tasks need to be performed to 
process goods. Based on these decisions, it sends commands to human operators and 
automated material handling systems to execute these tasks (Ramaa et al., 2012; Van den 
Berg, 2012). Furthermore, the system captures relevant data on orders, shipments, 
inventory, warehouse lay-out, warehouse staff, vehicles, customers, suppliers, and 
activities in the warehouse. This allows goods to be tracked and traced, and ensures the 
quality of warehouse activities (Van den Berg, 2012). Over the last decades, paperless 
storing and picking has become increasingly popular. In developed economies, new 
technologies such as radio frequency communication, order picking by voice, and pick-to-
light systems have largely replaced paper picking lists (Connolly, 2008). These 
technologies enable real-time communication between the operator and the WMS, which 
has two major benefits for WMS applications. Firstly, these applications register all 
activities in greater detail and offer useful management information from available data, or 
use the data as input for planning and control policies. Secondly, they support decision-
making based on the current situation (Van den Berg, 2012).  
 In general, information systems can either be tailored to a specific information problem 
of an organization, or they can be designed as standard software application packages to 
solve similar information problems for different organizations. Tailor-made systems are 
designed and built under supervision of the organization itself, while application packages 
are developed by a software vendor and purchased by organizations coping with similar 
information problems. With the changing role of warehousing, the development of 
standard software packages for Warehouse Management has taken flight. A large number 
of software vendors have developed standard WMSs, which can be configured to support 
the desired working methods (e.g., Locus of Centric Logistics Solutions, WICS WMS of 
WICS, or Sattstore WMS of Consafe Logistics). In general, they can also be modified to 
accommodate future process changes. Tailor-made software is built from scratch and is 
generally difficult to modify because it is molded for a specific situation. Nevertheless, 
standard software is not a panacea. If the standard WMS is unable to support the desired 
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working methods, it may be necessary to amend the standard software with customized 
enhancements, or to design and develop a tailor-made system (Van den Berg, 2012). 
 The application packages can be divided into integrated systems that provide various 
functions (e.g., ERP) and best-of-breed systems that are each more specialized in a single 
function, such as a WMS or a TMS (Transport Management System). If a company 
chooses best-of-breed systems, it must integrate the separate systems via interfaces, which 
can be a complex and expensive task. In general, best-of-breed WMSs offer more 
sophisticated functions, although some ERP-vendors have been developing more 
sophisticated systems in recent years (Van den Berg, 2009; Gartner, 2013).  
 We can distinguish a hierarchy of information systems in operating a warehouse 
(Jacobs et al., 1997; Van den Berg, 2012), see Figure 1.2. At the lowest level, 
programmable logic controllers (PLCs) control automated material handling systems such 
as conveyors, sorters, individual cranes, and AGVs. A PLC is a simple rugged computer 
device that reads input signals, runs control logic, and then writes output signals. For 
example, a PLC can control an automated crane or a roller conveyor. The PLC receives its 
input signals from sensors, such as optical sensors or barcode readers, or from the next 
level, the Material Handling Control System (MHCS). The PLC’s output signals control, 
for example, the engines in the material handling system, or provide feedback to the 
MHCS. The collaboration of different automated material handling systems in a warehouse 
(e.g., a conveyor system in combination with an automated storage and retrieval system) is 
controlled by the MHCS which communicates with the PLCs. 
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Figure 1.2 Hierarchy of information systems in a warehouse (adapted from Jacobs et al. 
(1997), and Van den Berg (2012)) 
 
 At the next level, the WMS plans, controls, and optimizes all operations in the 
warehouse, and interfaces with the MHCS and the order management level. Some WMSs 
contain an integrated MHCS which allows the WMS to communicate directly with the 
equipment control system (PLC). This is also the case if a single automated material 
handling system is used. At the highest level, the order management system is responsible 
for stock management, registration of customer and purchase orders, and for financial 
management. All levels have to work closely together to maximize warehouse 
performance.  
 In summary, a WMS supports the planning, control, and optimization of all the 
activities in the warehouse, such as put-away, storage, and order-picking. The system 
records all activities in detail and generates considerable amounts of data, which provide 
valuable input for management information. 
 
1.4 Warehouse performance 
In general, warehouses aim at simultaneously reducing cost, increasing productivity, and 
improving customer responsiveness. Measuring warehouse performance provides feedback 
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about how the warehouse performs compared to the requirements, or compared to industry 
peers. As such, it can also provide feedback on the adequacy and effectiveness of an 
implemented Warehouse Management structure.  
 Johnson and McGinnis (2011) discuss two types of warehouse operations performance 
criteria: financial (i.e., revenue related to cost) and technical (i.e., outputs related to 
inputs). They argue that technical criteria - based on output generated and resources 
consumed - tend to give a clearer picture of a warehouse’s operational performance than 
financial measures, because warehouses typically do not generate revenues. The function 
of warehouses is to support the supply chain. As warehouses are often part of a larger 
supply chain or network, traditional operational performance objectives such as 
productivity, quality, delivery, and flexibility (Boyer and Lewis, 2002; Schmenner and 
Swink, 1998) are more applicable. Technical performance measurement in the warehouse 
industry includes cases or order lines picked per person per hour, picking or shipment 
errors rates, order throughput times, and percentage of orders with special requests 
(Forger, 1998; Van Goor et al., 2003).  The problem with these key performance indicators 
(KPIs) is that they are not mutually independent and that each depends on multiple input 
indicators (De Koster and Balk, 2008). For example, the number of order lines picked per 
person per hour may be strongly influenced by system automation, assortment size, and 
warehouse size. To overcome this problem, in this dissertation, Data Envelopment 
Analysis (DEA) (Charnes et al., 1978) is employed. DEA is capable of simultaneously 
capturing all relevant inputs (resources) and outputs into a single score of performance. 
This way, DEA measures the relative performance of a set of comparable decision-making 
units (e.g., warehouses). 
 Approaches for performance evaluation include simulation, analytical models, and 
benchmarking (Gu et al., 2010). Simulation models evaluate the performance of the 
warehouse operation over time. They greatly depend on implementation details, and are 
less amenable to generalization. Analytical models are theoretical models of the existing 
situation and provide insights into the behavior of warehouse operations, such as 
throughput, average response time, fill rate, costs, and utilization of space, equipment, and 
human resources. Benchmarking stems from the search for industry best practices which 
lead to superior performance (Camp, 1989). Benchmarking forces a warehouse to evaluate 
and compare its performance to similar warehouses. The critical self-examination during 
the benchmarking process helps warehouse managers to identify their own inefficiencies 
and to establish realistic goals for improvement. Where simulation and analytical models 
measure performance internally using historical data and predictions for the future, 
benchmarking compares performance externally with data from industry peers.  
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1.5 Research objective 
With the increasing pressure on warehouses to improve overall supply chain performance, 
the development and implementation of (standard) WMSs have grown considerably. 
However, selecting a (standard) WMS for a specific warehouse is risky business (Frazelle, 
2002). In general, the literature points out that the form and operation of a business 
information system should be dictated by the management system it supports (Chan and 
Reich, 2007; Cragg et al., 2007; Henderson and et al., 1996; Van Goor et al., 2003) or at 
least should be developed simultaneously. This means that insight is needed into how 
Warehouse Management is structured before a WMS can be selected.  
 The literature on planning, controlling, and optimizing warehouse operations, i.e., 
Warehouse Management, has been dominated by analysis-oriented research on isolated 
subproblems (Baker and Canessa, 2009; Dallari et al., 2009; Gu et al., 2007; 2010; 
Rouwenhorst et al., 2000). Analysis-oriented research concentrates on developing 
quantitative methods to model isolated decision-making situations in warehouses in order 
to achieve some well-defined objectives. In the literature, a range of decision support 
models and solution algorithms have been established to solve different warehouse 
planning and optimization problems, but selecting and integrating these models and 
solutions for a specific warehouse is difficult (Gu et al., 2007; Rouwenhorst et al., 2000). 
Gu et al. (2007) and Rouwenhorst et al. (2000) state that a model to guide warehouse 
operations is lacking and they present a structured overview of the various warehouse 
operations planning models available in the literature. However, Gu et al. (2007) conclude 
that there continues to be a need for research focusing on the management of warehouse 
operations, where the different processes in the warehouse are considered jointly, the 
problems are placed in their dynamic nature, and multiple objectives are considered. In this 
dissertation, we seek to develop a generic theoretical model for structuring Warehouse 
Management, where Warehouse Management is considered as a coherent whole of 
decisions rather than a combination of separate warehouse operations planning models. 
The generic theoretical model gives relationships between distinctive characteristics of a 
warehouse (complexity and uncertainty) and structure aspects (planning, control, and 
optimization). It indicates how Warehouse Management should be structured in different 
contexts. Such a model offers a starting point to develop a comprehensive framework for 
warehouse planning and control that aims at integrating various models and algorithms 
addressing well-defined isolated problems in warehouses. Such a model also constitutes a 
useful starting point for the development of a framework for functional design models of 
warehouse management information systems. Thus, insight into structuring Warehouse 
Management not only helps in selecting and evaluating (standard) warehouse management 
information systems, but also in designing and evaluating the proper levels of planning, 
control, and optimization of warehouse operations. This dissertation is a step towards 
understanding how to structure high performance Warehouse Management, with the aim to 
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build theories on structuring Warehouse Management and to help select and evaluate 
warehouse management information systems. Therefore, the objective of the research 
presented in this dissertation is:  
 
 To develop and test a theoretical model for structuring high performance Warehouse 
Management.  
 
To reach this objective, this research adopts a contingency perspective (Sousa and Voss, 
2008), meaning that Warehouse Management structure must be adapted to the warehouse’s 
situation in order to attain high performance. This perspective suggests that there is no 
“one structure fits all contexts”, but that Warehouse Management structure is context 
dependent; a specific Warehouse Management structure may perform differently in 
different contexts. Therefore, warehouses should adapt their Warehouse Management 
structure to maintain fit with changing contextual factors. Failure to attain a proper fit 
between structure and environment results in inferior outcomes (typically, the outcomes 
are some aspects of performance). Sousa and Voss (2008) state that the operations 
management field is strongly rooted in a contingency paradigm, and that contingency 
theory (e.g., Donaldson, 2001) can be a very useful theoretical lens to view operations 
management issues, in particular, in areas where operations management theory is less 
well developed. To achieve the objective of the research, the following main research 
question needs to be answered: 
 
 How should Warehouse Management be structured to attain high warehouse 
performance? 
 
As the functional requirements of the warehouse management information system follow 
from the Warehouse Management structure, the main research question of this dissertation 
focuses primarily on structuring Warehouse Management. As such, the warehouse 
management information system is a reflection (or implementation) of the Warehouse 
Management structure. 
 Research anchored on a contingency approach examines relationships between 
contextual variables, the use of practices (or structures), and the associated performance 
outcomes (Sousa and Voss, 2008). Therefore, we first aim to identify key characteristics of 
a warehouse (e.g., number of order lines processed per day) and its relevant environment 
(e.g., demand unpredictability) that drive Warehouse Management structure. Next, in order 
to examine the relationship between key characteristics and structure, we determine the 
measurable dimensions of Warehouse Management structure (e.g., planning 
extensiveness). Because the warehouse management information system is an important 
aspect of Warehouse Management, we also examine the relationship between contextual 
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variables and the warehouse management information system. We characterize the 
warehouse management information system with respect to Warehouse Management 
structure by the level of customization (specificity) to the operational and organizational 
needs of the warehouse.  Thereafter, we research the relationships between the identified 
key characteristics and the dimensions of Warehouse Management structure, and between 
the identified characteristics and the specificity of the related warehouse management 
information system. Finally, to answer the main research question on how Warehouse 
Management should be structured to attain high warehouse performance, we explore the 
impact of the relationships between characteristics and structure on warehouse 
performance. In sum, in order to answer the main research question by applying a 
contingency perspective, we aim to answer the following six research questions:  
1. What characteristics of a warehouse and its relevant environment can be identified 
in relation to warehouse planning and control? (Chapter 2 and 3) 
2. What dimensions of Warehouse Management structure can be identified? 
(Chapter 3) 
3. How can a warehouse management information system be characterized with 
respect to warehouse planning and control? (Chapter 3) 
4. How do warehouse characteristics affect Warehouse Management structure and 
the related warehouse management information system? (Chapter 2 and 3) 
5. How can warehouse performance be operationalized in order to serve as a means 
to judge the adequacy of an implemented Warehouse Management structure? 
(Chapter 4) 
6. How does fit between Warehouse Management structure and warehouse 
characteristics impact warehouse performance? (Chapter 4) 
The research of this dissertation is of importance to science as well as to society, in 
particular, to warehouse organizations. The contribution to science is to expand the 
knowledge of warehouse planning and control, and the related warehouse management 
information system. Warehouse organizations can benefit from the knowledge obtained by 
this research to better structure Warehouse Management, and to select and evaluate 
warehouse management information systems.  
 
1.6 Research design and methods  
This research focuses on relationships between warehouse characteristics and Warehouse 
Management structure, and their effects on warehouse performance. The first research 
question on identifying key warehouse characteristics, will be answered by first conducting 
an exploratory study to understand the empirical complexity of Warehouse Management, 
and then by reviewing the literature. Exploratory studies can help to identify the concepts 
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and the basis for measurement, and are very appropriate for early stages of research 
(Malhotra and Grover, 1998). Exploratory research with many unknown elements can be 
performed by means of a case study design, using either a single case study or multiple 
case studies (Yin, 2003). We conduct a multiple case study, because we aim to explain the 
variation in managing warehouse operations by key warehouse characteristics. In general, 
case studies help the researcher to understand why certain characteristics or effects occur, 
or do not occur. In the multiple case study, warehouse management information systems 
(WMSs) are considered as the implementation of Warehouse Management structures in 
practice. The Warehouse Management structure is represented by the related WMS. 
Therefore, a case in this study consists of a warehouse and its WMS. We develop 
propositions linking warehouse characteristics to Warehouse Management structure, and 
identify warehouse characteristics that influence the choice of the warehouse management 
information system (i.e., standard or tailor-made).  
 The multiple case study is followed by a literature study to further identify key 
warehouse characteristics (research question 1), and to decompose Warehouse 
Management structure into its constituent elements (research question 2). The literature on 
production management is chosen as a main starting point because of its similarity to 
Warehouse Management and in particular because it has quite an elaborative history. It 
may therefore contain useful insights and perspectives to inspire research on Warehouse 
Management structure. In addition, we use interviews with warehousing experts to identify 
dimensions of Warehouse Management structure. We also study the literature on 
information systems in general and warehouse management systems (WMSs) in particular 
to characterize warehouse management information systems (research question 3).  
 We conduct an explanatory study using a survey to answer the fourth research question 
on the effects of the warehouse characteristics on Warehouse Management structure and 
on the related warehouse information system. Explanatory research implies that the 
research is intended to explain, rather than simply describe, the phenomena studied 
(Maxwell and Mittapalli, 2008). We use the survey method because surveys provide a 
broad view of a phenomenon, and hypothesized relationships between variables can be 
tested by applying statistical techniques. The theoretical basis of this study is built on the 
propositions drawn from the multiple case study in combination with a review of the 
literature. First, hypotheses are formulated on the relationship between warehouse 
characteristics and the dimensions of Warehouse Management structure, and second, on 
the relationship between warehouse characteristics and the warehouse management 
information system characterization. The hypotheses are tested in a survey among 215 
warehouse managers.   
 The fifth research question on defining and operationalizing warehouse performance is 
answered by conducting a literature review. In this dissertation, multi-factor performance 
and benchmarking are used to compare warehouses based on Data Envelopment Analysis 
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(DEA) calculations. Other authors such as Hackman et al. (2001), Ross and Dröge (2002; 
2004), McGinnis (2002), and De Koster and Balk (2008) have also used DEA in 
warehouse benchmarking. We conduct another explanatory study to answer the sixth 
research question on the impact of fit among Warehouse Management structure and 
warehouse characteristics on warehouse performance. Hypotheses are formulated and 
tested in a survey among 111 warehouses (distribution centers).  
 
1.7 Outline of this dissertation 
This chapter has introduced the research described in this dissertation. It has set out the 
motivation for this research and has described the research problem and methodologies. 
Furthermore, the key concepts of the research have been introduced. The remainder of the 
dissertation is structured along four chapters, two of which have been published as papers 
in academic journals. Chapter 2 presents the results of the multiple case study to gain 
insight into the context of Warehouse Management structure and the various constructs. 
Chapter 2 forms the basis for answering the first research question. It was published in the 
International Journal of Physical Distribution & Logistics Management (Faber et al., 
2002). Because warehousing and especially warehouse technology, including warehouse 
management information systems, have changed over the last decade, Chapter 2 concludes 
with an up-to-date commentary on the findings of the paper at the time. In Chapter 3, the 
warehouse characteristics, the dimensions of Warehouse Management structure, and the 
related warehouse management information system characterization are further developed 
using the literature. The impact of the warehouse characteristics on Warehouse 
Management structure and on the related information system is examined, using a 
comprehensive questionnaire. Chapter 3 was published in the International Journal of 
Operations & Production Management (Faber et al., 2013). Chapter 4 tests how the fit 
among Warehouse Management structure and warehouse characteristics affects warehouse 
performance. This chapter concludes with a model for structuring high performance 
Warehouse Management. Finally, Chapter 5 concludes this dissertation by evaluating the 
research, drawing conclusions on the research questions, and giving directions for further 
research. Figure 1.3 presents the outline of this dissertation. 
 
31_Erim Faber[stand].job
17 
 
 
Figure 1.3 Outline of this thesis 
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